Human exposure to toxic metals is on the increase especially in the developing world; this is compounded by the almost unavoidable application of the metals domestically and industrially and their implication in several genetic defects, aging and some chronic illnesses including Autism Spectrum Disorders (ASD). This study investigated the concentration of toxic metals (Pb and V) and micro-essential elements (Cu and Se) in children with ASD and controls in Nigeria towards establishing their possible associations with the aetiopathogenesis of ASD. Eight children clinically diagnosed by Paediatric Neurologist and Child Psychiatrist for ASD using DMS-IV and fifteen apparently healthy children (age range 2 -12 years) were recruited as cases and controls respectively. Plasma levels of Pb, V, Cu and Se were analyzed using Induction ICP-MS. Results were analyzed using students t-test. The mean plasma lead and vanadium levels were (7.92 ± 1.30 µg/dl; 1.07 ± 0.22 µg/dl) and (6.83 ± 0.72 µg/dl; 2.59 ± 0.48 µg/dl) in children with ASD and in controls respectively. The result showed that blood lead level in ASD was slightly increased but not significant when compared with control (p < 0.433). On the other hand, plasma vanadium concentration in ASD was significantly reduced (1.07 ± 0.22 µg/dl) when compared with control (2.59 ± 0.48 µg/dl) (P < 0.038). Mean plasma copper was similar in all participants (1.98 ± 0.13, 2.23 ± 0.12) but selenium concentrations were significantly reduced (0.37 ± 0.05 mg/L; 0.57 ± 0.02 mg/L) in ASD relative to controls respectively. Given the physiological functions of vanadium and selenium, the observed reduced levels of the two elements in children with ASD may account for the speech How to cite this paper: Akinade, A.O.,
Introduction
Autism Spectrum Disorders (ASD) are a heterogeneous group of neurodevelopmental disorders that are behaviourally defined and characterized by impairments in communication and social interaction along with restrictive and repetitive behaviours beginning in infancy and toddler years [1] [2] . Several reasons have been proffered as the pathophysiology of ASD, however, contribution of industrial chemicals and metallic pollutants widely disseminated in the environment have been suggested as important contributors to the development of this condition [3] [4] . The vulnerability of the developing human brain in-utero has also lent credence to its prevalence among children. Recently, interaction between genes and the toxicants has been suggested as basis of genetic modulation and the development of ASD [5] . Thus, due to this complex pathophysiology of ASD, many authors are of the opinion that both genetic and environmental factors (and their interactions) are strongly linked in the development of the disorders [6] . The possibility of this assertion has been heightened by the recent increase in prevalence of the disorder worldwide.
Specifically, in recent times, research and clinical studies have implicated physiological and metabolic systems that transcend specific organ dysfunction, such as immune dysregulation, inflammation, impaired detoxification, impaired redox regulation/oxidative stress and energy generation/mitochondrial systems [7] [8] . These imply that ASD may arise from, or at least involve, systemic physiological abnormalities rather than being a purely central nervous system disorder in a subset of individuals with ASD [9] . It is in this respect that the involvement of trace and toxic metals (which in a developing economy like ours are inevitable pollutants) and their interaction with gene development especially in subjects that are actively or passively exposed to them become important.
Trace elements are chemical micronutrients which are required in small amounts but play a vital role in various physiological and metabolic processes occurring within living tissues [10] [11] . There are threshold levels for most of these trace elements; hence, their deficiency or excessive accumulation may cause serious changes in the body leading to disruption of important enzyme activities [12] . The immature blood-brain barrier, neuronal growth migration and myelination processes that occur on a specific and rapid schedule in a developing foetus may largely facilitate development of ASD in children.
In pregnancy, excessive exposure to heavy metals and some trace elements has [14] . Also, several studies have reported that trace metals could easily cross the placenta and affect cognitive development [15] despite its function as a barrier protecting the fetus from toxic metal exposure. The possible interaction between these toxic metals either in modulating the nutritional function of the essential metals or on genetic pairing remains issues in the aetiopathogenesis of ASD. Until recently, the study of potential environmental toxicant contributions to the development of ASD has been generally "neglected" [16] , hence the need for a clearer look at their contribution to the development of ASD especially with the gradual increase in the prevalence of this disorder.
Subjects and Methods
Recruitment: A total number of 23 participants were recruited by convenience sampling method for this pilot study between August and November 2015. Ethical approval was obtained from the UCH/UI joint Ethical Committee.
Informed consent was obtained from each subject through their parents.
Inclusion criteria: Clinically diagnosed children with ASD that their parents gave informed consent were recruited for the study.
Exclusion criteria: Participants that were suffering from liver or kidney disease, anemia, or current treatment for iron deficiency, progressive neurological disorders, or epilepsy were excluded from the study.
Method: History of all children in the study was taken covering: parent so- The results were converted to SI units from part per billion (ppb) using appropriate conversion factors.
Data were reviewed, coded, tabulated and analyzed using statistical package for social science (SPSS 20.0)
Mean standard error (MEAN ± S.E) was used to express descriptive statistics of the results while student t-test was used to access the statistical significance of the difference between the two groups. P value of 0.05 was regarded significant. Table 2 showed the biodata of participants. There were no significant differences in the children's age, mother's age at birth, father's age at birth, children's birth weight and children weight between ASD and control. It may be said that there were no disparities in recorded biodata of the two groups. Table 3 showed the comparison of levels of Pb, V, Cu and Se in ASD and control groups. The result showed there were no significant differences in the mean levels of Cu (1.98 ± 0.13 mg/L; 2.23 ± 0.12) and Pb (7.92 ± 1.30 µg/dl; 6.83 ± 0.72 µg/dl) in ASD and controls respectively (p < 0.211; p < 0.433). However, Se level was significantly reduced in ASD when compared with the control (0.37 ± 0.05 mg/L and 0.57 ± 0.02 mg/L) respectively (p < 0.000). Also, plasma vanadium level was significantly reduced in ASD compared to controls (1.07 ± 0.22 µg/dl and 2.59 ± 0.48 µg/dl) respectively (p < 0.038).
Results

Discussion
Autism spectrum disorders (ASDs) are a heterogeneous group of neurodevelopmental disabilities that can cause significant social, communication and behavioral challenges that are characterized by impairments in communication and social behaviors beginning in infancy and toddler years [1] . It has a prevalence of 1.47% in Americans [19] and 2.3% in Nigerian children [20] . ASD has been reported to account for 7. The study was designed to determine the plasma levels of V, Cu, Se and Pb in ASD and based on their biochemical roles, to compare with controls in order to assess their possible contribution to the disorder. The increased blood Pb level (though not significant) found in this study may be pathognomonic of the disease. This may be the basis of the impaired cognitive and behavioural deficits characteristic of this condition. This may be facilitated by the increased sensitivity of the brain to lead exposure [24] . Lead has been severally reported to displace other elements like calcium and magnesium from most of their reactive sites through several processes. The pathological effect especially when present in a prolonged and excessive amount may contribute to the development of ASD. Its effect inducing cognitive and behavioral deficits in children and adult resulting in a distinct neurological effect, with different brain targets and modes of action has been severally documented [25] [26] . Hence, the possible deleterious effect of air-borne lead in children compared to adults because of the higher respiratory and metabolic activities of the former may have also facilitated the development of ASD in these children. Previous studies done on hair lead level reported increased lead levels in ASD compared to controls [27] [28] [29] just as it has been observed in this study that blood lead level in ASD was higher than in controls. This was also in agreement with other studies that reported increased blood levels in ASD [30] [31] . Secondly, since calcium has also been reported to be selectively displaced by lead when the latter is in excess; the increased lead level in this study may be precipitated by the hypocalcaemia observed in children with ASD which was reported earlier by this team [30] . Nutritionally, children with ASD have been reported to have low poor eating habits with attendant low nutritional compliments. It may therefore be possible that reduced essential elements level in ASD children may also exacerbate the development of autism especially in an environmentally prone setting.
The increased blood lead level observed in this study may also be implicated in a disturbance in the redox activity of the brain. This is because increased blood lead level has been reported to have a variety of effects on synaptic mechanisms and structures resulting in formation of reactive oxygen species, speeding mitochondrial self-destruction through formation of the permeability transition pore, and priming activation of programmed cell death processes [32] [33]. Lead has also been shown to interfere with neurotransmitter release, disrupting the function of GABAergic, dopaminergic, and cholinergic systems [32] .
However, there have been other reports suggesting that there is an inherent higher susceptibility of certain children to lead toxicity relative to others. It may therefore be inferred that children with ASD may have problems with the chemical pathway that allows them to detoxify metals to alleviate different cluster of autistic symptoms. Although, this is equivocal, evidence shows that autistic children show an increased build-up of toxins which may not arise simply from excessive exposure but from a marked inability to process and eliminate toxins from the body. Such a mechanism could lead to accumulation of toxic heavy metals and chemical toxins with the attendant risk of the accumulation leading to increase in free radical activity in the body [34] . Studies on this element have been very scanty especially in humans. The major source of exposure to vanadium for the general population is food. The major report on this element has been on its insulin-like action in-vivo. Vanadium in the form of vanadate and vanadyl sulfate has been shown to improve the effect of insulin in diabetic animals; artificially induced diabetes in rats can be reversed by vanadate [35] . Large doses also affect serum fat and cholesterol levels, though more research in this area is needed. Biochemically, the possibility that vanadium may play a role in the regulation of Na + /K + -exchanging ATPase, phosphoryl-transfer enzymes, adenylate cyclase and protein kinases has been reported. The possible role of the vanadyl ion as an enzyme cofactor and its roles in hormone, glucose, lipid, bone and tooth metabolism have also been discussed [36] . No specific biochemical function has yet been identified for vanadium in higher animals. However, the recent discovery of vanadium-activated enzymes in lower forms of life lends credence to the view that vanadium has similar roles in higher animals. In this study, plasma level of this essential element was found to be low in children with ASD. The level was significantly low in comparison to that of control children. Based on what has been reported in lower animals, the essentiality of this element for normal growth and development is not in doubt. Hence, the observed reduced level in children with ASD may be associated with underdevelopment of the cognitive functions of the brain in this group of neurodevelopmental disorder. Biochemically, this may be due to its role in Na + /K + ATPase and Phosphoryl enzyme transfer activities which are all linked to calcium homeostasis making growing children more vulnerable especially in sensitive organs like in their brain.
Copper is one of the micro elements included in this study. It was found that the Cu level in ASD was reduced (though not significantly) when compared to control. Copper is a trace element essential for body cellular functions. Characteristically, Cu could act as an oxidant or as an antioxidant depending on the concentration and the prevailing circumstance [37] . Functionally, copper promotes neurological activities and plays a role in antioxidant defense system of the body. Cu deficiency is known to affect the central nervous system. Specifically, information from animal studies suggests that Cu deficiency may be a strong factor in the pathogenesis of Parkinson's disease in humans especially since the level of one of the neurotransmitters (dopamine) was low in both Cu deficient animals and in patients with Parkinson's. Cudeficiency has also been implicated in Menke's disease which is a neurodevelopmental inherited disease [38] . Cu deficiency has also been shown to be exacerbated by the increased presence of elements like lead and cadmium. Hence, since Cu is largely derived from the diet, deficient nutritional status occasioned by reduced appetite in ASD may have also contributed to the progression of the pathological symptoms of ASD especially in a vulnerable environment. The observed reduced Cu level in ASD children in this study may have largely been accentuated by the above prevailing factors resulting in the progression of the pathological symptoms of the disorder [39] . Although findings in this study were contrary to previous studies that reported elevated copper levels in ASD compared with control [40] [41] [42] , this work was in agreement with the report of Craciun et al. that reported reduced Cu level in children with ASD [43] .
Selenium is an essential trace metal needed in the production of antioxidants enzymes. As Selenoproteins, they are essential for brain development, redox control, and preventing and reversing oxidative damage in the brain and neuroendocrine tissues [44] . This important redox property of Se may have been compromised by the reduced Se level observed in ASD children in this study.
The reduced selenium level found in this study may have contributed to the pathophysiology of ASD especially since glutathione is a very prominent antioxidant in the neuroendocrine tissues of the brain. Glutathione is known to be a major redox buffer in the trans-sulfuration pathway in the neuroendocrine tissue [45] , this process ensures replication of the redox form of the antioxidant which contributes to the transmission of impulse along the nerves. It may therefore be inferred that a reduced level of Se greatly hampers this mechanism and may largely account for some of the neuro-behavioural changes associated with ASD. Control of intracellular oxidative tone and findings of increased oxidative damage in children with ASD may be indicative of disruptions of selenoenzyme activities resulting from reduced selenium levels. This finding agreed with previous studies that reported reduced Se levels in analysis done on hair and red blood cells in their studies [46] [47] [48] .
Conclusion
The hallmark of ASD in children in this environment may be indicated by a deficiency in the essential trace elements-V, Cu and Se with a concurrent increase in Pb especially in environmentally vulnerable children. Abnormality in the levels of these elements may be good biomarkers of ASD especially in environmentally vulnerable children with or without the presence of the known clinical symptoms of ASD.
Limitation
The small sample size was a limitation in this study, a larger sample size may reveal more. Also, control of environmental pollution is difficult in this part of the world; this may be due to level of public health awareness.
